Limonene is one of the most common compounds found in the essential oils of aromatic plants. The occurrence of this monoterpene hydrocarbon in various plant genera could be attributed to its precursory role in the biosynthesis of other monoterpenes and its defensive role against herbivores. Due to the medicinal potential and application in the flavor and fragrance industries, limonene has been extensively investigated. In this paper the biosynthetic, ecological and pharmacological importance of limonene is presented in an attempt to coherently summarize some of the most salient aspects from various studies in a form of a concise review.
Introduction
Limonene (= 1,8-p-menthadiene = 1-methyl-4-(1-methylethenyl-cyclohexene) is one of the most common essential oil constituents of aromatic plants ( Figure 1 ).
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Figure 1: Structure of R-(+) limonene (A) and S-(-) limonene (B).
It is widely found in several plant genera, which could be attributed to its precursory role from which several monocyclic monoterpenoids are derived [1] [2] [3] [4] . Most of the 1-p-menthene skeleton bearing monoterpenes, such as carveol, carvone, α-terpineol, pulegone and 1,8-cineole, are derived from limonene [1, 3] . Limonene is an optically active compound, and exists in two enantiomeric forms: R and S. The R-(+)-enantiomer, also known as d-limonene, is the main compound in the essential oils of the peels of Citrus spp. and (+)-limonene is a cheap by-product of orange [5] [6] [7] . It is also abundant in some Lippia and Artemisia species [8, 9] . The l-limonene is mainly found in the essential oils of Pinus (e.g. pine needle oils) and Mentha (e.g. spearmint) species [10] [11] [12] . Racemic limonene is also known as dipentene.
Limonene is widely used as a flavor and fragrance additive in consumer products, such as perfumes, beverages, detergents, and soaps. It is further used as an ingredient in household cleaning products. In addition to its use in a variety of consumable products, limonene is used as a starting material for the synthesis of various natural products, such as pcymene. The wide application of limonene in industry and domestic amenities coupled to its vulnerability to ozone aided oxidation has raised research interest to investigate its various biochemical and pharmacological properties. Considering the volume of reports, its medicinal potential, wide cosmetic and other domestic uses, it is warranted to collate some of the research on this commercially important molecule.
limonene and other monoterpenes [13] . Limonene undergoes cytochrome P 450 -mediated hydroxylation at C 3 to yield a (-)-trans-isopiperitenol or at C 6 to afford (-)-trans-carveol [2] . However, carveol undergoes a dehydrogenation reaction to give the monoterpenoid carvone [14] . The carveol-carvone transformation could be due to stability in which the formation of a conjugated cyclic ketone is the driving force for the reaction. This transformation could, among other reasons, explain why the abundances of carveol in most essential oils are low. Monoterpenoids derived from limonene, such as carvone and 1,8-cineole, are the major compounds in the essential oils of Mentha and Eucalyptus species, respectively. Kokkini et al. [10] reported the essential oils of various Mentha species to have high levels of carvone, ranging from 50 to over 75% of the total oil composition. The amounts of limonene in the same oils varied from 3 to 20%. The variations of these compounds in the volatile constituents of Mentha species showed that when the level of carvone was 80%, the abundance of limonene was 5.7%, and when the amount of carvone decreased to 69.6%, limonene increased to 20% of the total composition [10] . When limonene rich juices are stored under acidic conditions, and depending on the oxygen content, a portion of limonene can easily be converted to α-terpineol and carvone, respectively [15] . These fluctuations confirm a biosynthetic relationship between limonene and the two compounds. Furthermore, a substantial amount of limonene has been reported from the essential oils of oven-dried leaves of M. longifolia. Comparing the chemical composition of the essential oils of differently treated leaves, Asekun et al. [16] observed that the oils from fresh leaves were rich in pulegone (35%), whereas those from oven-dried leaves had limonene (40.8%) as the main compound. This trend of variation presents another interesting biosynthetic relationship between the two compounds. It further confirms the earlier report that limonene is a precursor for biosynthesis of pulegone in the glandular trichomes of Mentha species [17] .
Microbial conversion of limonene into oxygenated derivatives:
Research on biotechnological production of aroma molecules from monoterpenes such as limonene has increased. This is due to the growing demand for 'natural' fragrant compounds by the flavor and fragrance industries [18, 19] . The focus has been on the use of microorganisms as biological vehicles for bioconversion of limonene and other monoterpenes into various oxygenated derivatives. Microbial biotransformation of monoterpenes has several advantages such as ease of manipulation; it can be achieved under mild reaction conditions, it has high efficiency and the reactions are regio-and stereoselective [20] . One of the first bioconversion reports dates back to the sixties, when limonene was subjected to microbial conversion to yield several neutral and acidic compounds [21] . Since then, several studies using microbes as agents for bioconversion of limonene into various derivatives have been documented. The soil, Pseudomonas incognita and P. gladioli are among the first bacterial species to be used in limonene metabolism assays. P. incognita metabolized limonene into dihydrocarvone, carvone and carveol. The major conversions from limonene by P. gladioli were α-terpineol and perillic acid [22, 23] . This was the first time α-terpineol was reported as a product from microbial conversion of limonene. α-Terpineol is widely distributed in nature and has a wide application in the perfumery industry [23] .
Two other soil microbes, Rhodococcus opacus and R. globerulus have been incorporated into bioconversion studies [24] . Unlike in the Pseudomonas assays, Rhodococcus species have shown the best limonene metabolism, giving high yields of end products. Cultivating cells in the chemostat culture with toluene as a carbon and energy source, R. opacus exhibited regioselectivity and stereospecific conversion of limonene. It exclusively hydroxylated the C 6 carbon of limonene to afford the enantiomeric pure (+)-trans-carveol (97% yield) and some traces of carvone. In a separate bioconversion, R. globerulus showed low activity and it further oxidized most of the formed trans-carveol into (+)-carvone [24] . Further stereo-and regioselective hydroxylation of limonene have been achieved using a cyanobacterium, Synechococcus elongatus PCC 7942 [25] . After six hours of incubation, the microbe hydroxylated the allylic position (C 6 ) of the endocyclic C=C double bonds of the (S)-(-)-limonene to yield cis-and trans-carveol in 11% and 9% yields, respectively. Under the same conditions, conversion of (R)-(+)-limonene into its corresponding products did not take place indicating a clear discrimination of the (S)-and (R)-stereoisomers of limonene [25] .
The successful bioconversion of limonene into various monoterpenes using soil bacterial strains encouraged more research on the possible use of [26, 27] . Nevertheless, the products such as carvone have been realized in these assays, though with restrictions, which include substrate uptake and trafficking [27] .
Several fungi have also shown the ability to metabolize limonene into various derivatives. The first successful bioconversion was reported in the late sixties when a Cladosporium species designated as T 7 converted limonene into trans-limonene-1,2-diol. Another study using a different strain labeled as T 12 , Cladosporium converted limonene to α-terpineol [28, 29] . Since then, several developments on the use of fungal species as limonene metabolizing agents have been reported. Investigation on the volatile constituents of rotting orange rinds revealed α-terpineol as the main compound [30] . A further separate exposure of limonene to P. italicum and P. digitatum yielded trans-carveol (26%) as the main product, together with (+)-carvone (6%) and other minor compounds. This development generated more interest for further investigations on monoterpene metabolism by Penicillium species.
Immobilized P. digitatum cultivated in submerged liquid cultures, converted (R)-(+)-limonene to (R)-(+)-α-terpineol. The same result was observed when the effect of organic co-solvents on the bioconversion of limonene to α-terpineol was conducted [31, 32] . Further studies aiming at optimizing the yield of α-terpineol using Penicillium species have been achieved by parallel use of sporulated surfaces and liquid cultures monitored by solid phase microextraction (SPME) for fast screening. α-Terpineol was obtained as a major product while other metabolites such as γ-terpinene, terpinolene, α-phellandrene, endo-fenchol, p-cymene, neo-dihydrocarveol, cis-limonene oxide, translimonene oxide and perillyl alcohol were minor products [11] . In this assay, P. digitatum showed the most interesting results due to its optimal recovery of α-terpineol. A repeated experiment using the same microbe, and allowing it to metabolize a substrate for 8 hours, yielded up to 100% of α-terpineol [11] . It was further determined that the efficiency of metabolizing a substrate (limonene) depended on the nature of the P. digitatum strain, the type of cosolvent and the concentration thereof. Other fungal species which have been tested in limonene bioconversion assays include Aspergillus niger, A. cellulosae, Corynespora cassiicola and Diplodia gossypina [33, 34] . The main reason for choosing limonene as the precursor for bioconversions has always been its copious availability in its pure enantiomeric form and low cost.
Limonene as a starting material for synthesis of various natural products:
The starting materials for synthesis of natural products has always posed a huge challenge as some of the chemical compounds used may either be toxic or potentially carcinogenic. For example a large scale synthesis of р-cymene has always involved the use of benzene with methyl and isopropyl halide in the presence of AlCl 3 as a Lewis acid catalyst, or toluene with isopropyl alcohol. These reactions have low selectivity as both ortho and para isomers are obtained and thus require further separation processes. The use of these chemical compounds are increasingly restricted by environmental legislation, hence the need for ecofriendly reagents for synthesizing р-cymene. Limonene has emerged to be one of the major successes in the quest for safe and non-toxic starting materials in the synthesis of this natural product. It has a six membered ring that can easily be aromatized, which makes it a suitable substitute for toxic aromatic intermediates, such as benzene and toluene. This follows a report by Martín-Luengo and co-workers [35] who used limonene as a starting material in the synthesis of р-cymene. The conversion was achieved under solvent free conditions over mesoporous silica-alumina supports heated by microwave irradiation. The conversion had high selectivity of 100% and also afforded high yields of the product within a short time interval. For example, 100% conversion of limonene to р-cymene was achieved with Siral 40 (silica gel designated content 40) after only 10 minutes. This demonstrates a fast and efficient conversion reaction that can be used in the production of р-cymene. The efficiency and high selectivity offers manufacturers a desirable alternative to the use of Friedel-Crafts alkylation of benzene or toluene for production of р-cymene. pCymene is an important aromatic compound used for synthesis of fine chemicals which are useful in the production of fragrances, flavoring compounds, herbicides, pharmaceuticals and p-cresol [35] .
1196 Natural Product Communications Vol. 3 (7) 2008 Erasto & Viljoen Further use of limonene in the synthesis of natural products has been demonstrated in the synthesis of β-and γ-thujaplicins. The two compounds were first isolated from Chamaecyparis taiwanesis and Thuja plicata as naturally occurring monocyclic tropolones [36] . They are important antibacterial and antifungal compounds which have raised interests to establish their synthesis schemes. β-Thujaplicin and γ-thujaplicin were regioselectively synthesized from (R)-(+)-limonene through various dienyl silyl ether intermediates to afford up to 18% yield via 11 steps and 22% yield via 10 steps, respectively. Again, a widely available and low cost (R)-(+)-limonene guarantees its use as a starting material for the synthesis of potent antimicrobial natural products.
Ecological aspects of limonene
Limonene has a broad ecological role in plants; it serves as an antifeedant as part of a defense mechanism, an antifungal and as an attractant for pollinators [37] . A study on the Scotch pine trees, Pinus sylvestris L. both resistant and susceptible cultivars to the pine moth herbivore, Dioryctria zimmermani (Grote), showed that monoterpenes varied significantly when the plants were attacked. However, limonene was the only compound that was consistently higher in resistant cultivars. For many herbivores, limonene acts as an oviposition deterrent and is toxic to many herbivore species [38, 39] .
A study on the volatile emissions pattern of different plant organs and pollen of Citrus limon revealed an intriguing variation in limonene emission regimes. This was done with respect to plant development patterns, which included young and adult leaves, buds, stamens, petals, pollen and pericarps of ripe and unripe fruits. In many samples, limonene was the main volatile compound detected in the gynaecium, epicarp and young leaves, where it reached levels of ca. 65%. As leaves matured, the limonene content reduced by half (30.1%), which could be related to the production of the defense metabolite limonene, by the more vulnerable young leaves [40] . The buds had 38.9% emission of limonene, which increased as the flowers opened to 44.3%. These variations could indicate an orientation cue for pollinators adopted by the flowers [40] .
Similar observations were reported in the late 80's when Armbruster and co-workers [41] reported on an ecological relationship between Dalechampia magnoliifolia and D. spathula (Euphorbiaceae) with the pollinator, a male Euglossine bee. The flower's morphology as well as the size of the pollinator (a male bee), together with the floral fragrances from various parts of the flowers were identified as important factors in the pollination biology. It was observed that the flowers, especially the pollen, were rich in limonene, which contributed substantially in attracting the pollinator.
Limonene and other monoterpenes are thought to be important allelopathic agents in hot and dry climates. Because of their high vapor density, essential oils in general easily penetrate into soil adversely affecting the underground organisms, such as under growing plants. In their study, Scrivanti et al. [42] screened limonene and the essential oil of Tagetes minuta (which had 66.3% of limonene) for their allelopathic properties on Zea mays roots. Both limonene and the crude essential oil inhibited the growth of the roots of Z. mays seedlings. After 96 hours of exposure, limonene inhibited the root growth to 13.56 cm in length compared to the 15.09 cm of untreated roots. The essential oil of T. minuta inhibited the root's growth to 6.21 cm in length compared to 15.09 cm of untreated ones. Clearly limonene, a major compound, alongside other monoterpenes in the essential oil of this plant, had a strong influence on the activity. This allelopathic property suggests that plants that exude limonene from their underground structures are able to slow down or even completely deter other plants from growing in their vicinity.
The biological properties of limonene
Limonene possesses significant chemopreventive and chemotherapeutic properties. This has been revealed through various research projects focusing on its medicinal potential. The broad use of limonene in soft drinks, cosmetics and many other flavoring products has raised interest in the antimicrobial, anticancer, toxicity, antiparasitic and many other properties of limonene. Conclusions of various reports on the pharmacological properties of limonene are summarised below.
Antimicrobial activity:
The antimicrobial properties of limonene, both as a pure compound and as one of the major components of the essential oils of several plant species, have been well investigated. Comparing the inhibitory effect of d-limonene and the essential oils from the fruits of orange, lemon, grapefruit and mandarin, Dabbah et al. [5] found pure limonene and the oil to be highly effective. At a concentration of 1000 µL/L, both the essential oil and limonene inhibited the growth of Salmonella In subsequent studies, essential oils from the orange fruit had no activity against Gram-negative bacterial strains, while exhibiting appreciable activities against various fungal species [43] . These results were in agreement with the earlier report by Winniczuk and Parish [44] , who observed that (low purity) d-limonene (66%) inhibited the growth of all yeasts and Gram-positive cocci, while lacking efficacy against Gram-negative bacterial strains. It was further observed that oxidized d-limonene derivatives, such as carveol, carvone and α-terpineol, when in solution with limonene, have higher antimicrobial activity than d-limonene [45] . A recent report has further shown that the essential oils of Pimpinella flabellifolia (with 47% limonene) had higher activity against all test organisms with the exception of Klebsiella pneumoniae, for which it lacked efficacy [46] . In a recent study by van Vuuren and Viljoen [47] , the antimicrobial activity of the limonene enantiomers and the racemate singularly and in combination (1:1) with 1,8-cineole were investigated to establish possibly interaction. Using isobologram constructions it was shown that depending on the ratio and specific enantiomer, an additive, synergistic or antagonistic interaction may be observed between the various molecules.
Antioxidant activity:
Compounds with a basic isoprene structure possess antioxidant activity. Limonene is made up of two isoprene units, and the presence of two double bonds renders it a potential antioxidant compound. In an effort to validate this property, Keinan et al. [48] found limonene to saturate easily the pulmonary membrane and thereby protect the lung cells from either exogenous or endogenous ozone, as well as other oxidant agents. Further reports have indicated that, the essential oil of celery, which contains 74.6% of limonene, exhibited high inhibitory activity towards malonaldehyde (MA) formation from squalene upon irradiation at the level of 500 μg/mL. At the same concentration the essential oil exhibited an appreciably high DPPH scavenging activity and also inhibited the oxidation of hexanol after 40 days of incubation in the aldehyde/carboxylic acid assay [49] .
Anti-inflammatory activity:
The antiinflammatory properties of limonene have been validated by various researchers. Souza et al. [50] reported that the essential oils of Porophyllum ruderate and Conyza bonariensis inhibited the lipopolysaccharide (LPS) induced inflammation and inflammatory cell migration in vivo. A similar effect was observed with pure limonene screened in the same assay. Inhalation of limonene by sensitized rats significantly prevented bronchial obstruction by reducing peribronchial inflammatory cell infiltration [48] . Limonene is a low molecular lipophilic compound hence it can easily saturate cell membranes and thus provides an anti-inflammatory protection to the cells. The anti-inflammatory property has further been confirmed using a 5-lipoxygenase inhibition assay when a limonene rich essential oil obtained from Helichrysum odoratissimum exhibited high 5-lipoxygenase inhibitory activity [51] . Further analysis on pure enantiomers of limonene showed that (l)-(+)-limonene was approximately three-fold less active than the (S)-(-)-limonene enantiomer. The racemic mixture displayed an intermediate activity between the values of the two isomers tested separately. This observation is important because the pharmacological activity of essential oils can depend on a specific enantiomer and/or the ratio of enantiomers [51] .
Antinociceptive activity:
Limonene exhibits some analgesic properties as manifested in the essential oil of Dracocephalum kotschyi [52] . The volatile oil of this plant has 14.0% limonene, the second major component next to verbenone (21.4%). Using animal models, the essential oil in doses of 12.5, 25, 50 and 75 mg/kg induced a significant reduction of pain response by 13.9%, 43.1%, 68.7% and 39.8%, respectively. The ED 50 value for the essential oil was 61.61 mg/kg. It was then suggested that the presence of limonene and α-terpineol might be responsible for the analgesic properties of the essential oil [49] . Following this observation, further investigation of the analgesic effect of R-(+)-limonene was conducted using both chemical and thermo models in mice. In both cases limonene exhibited high analgesic activity relative to the control compounds [53] . The mode of action of (R)-(+)-limonene could probably involve inhibition of the synthesis and/or release of inflammatory mediators that promote pain in the nerve terminations [50, 51] .
Erasto & Viljoen 4.5. Anticancer activity: Plant derived natural products are highly sought after as potential chemotherapeutic and chemopreventive agents for carcinogenetic processes. Limonene has been well researched for its chemopreventive properties against several types of cancer. Administration of limonene either in pure form or as a constituent of orange peel oil (>90% d-limonene) , inhibits the development of chemically induced rodent mammary, skin, lung and fore-stomach cancers [54] [55] [56] [57] [58] [59] [60] . It also inhibits the development of ras oncogene-induced mammary carcinomas in rats [61] . Limonene has further been reported to significantly reduce the development of azoxymethane-induced aberrant crypt foci in the colon of rats after administering 0.5% limonene in the drinking water [62] . Like many other tested monoterpenes, limonene acts on tumor cells by blocking the G 1 -cell cycle, followed by apoptosis, redifferentiation and finally tumor regression in which tumor parenchyma is replaced by stroma elements [63, 64] . A similar observation was also made by Ji et al. [65] when d-limonene induced apoptosis in a dose-and time dependent manner in the K562 and HL60 cell lines.
Insecticidal activity:
Essential oils and their constituents have increasingly been considered to be an attractive alternative to harsh pesticides for the preservation of stored products. This is due to their apparent complex nature as they are a rich source of bioactive chemicals [66, 67] . Limonene is among many cyclic monoterpenes with known insecticidal properties. This follows numerous validation studies using different assays such as fumigation, contact and ingestion activities on insects. Using the dipping method, Haag [68] reported a 73% mortality of the water hyacinth weevil when dipped in the media with 50% of limonene. Further results on weevils were reported by Karr and Coats [69] when rice weevils (Sitophilus oryzae L.) were exposed to limonene mists. Through fumigation and exposure for 24 hours, limonene had an LC 50 value of 19 ppm against rice weevils. However, this compound was found to have little or no effect on cockroaches using an ingestion assay [70] .
In subsequent studies, limonene was found to be lethal to both Rhyzopertha dominica (F.) and Tribolium castaneum (Herbst). The lethality of this compound could be due to its ability to penetrate the insect body via the a) respiratory system (fumigation), b) the cuticle (contact effect), or c) digestive system (ingestion effect) [71] . Furthermore limonene at low concentrations had weak activity against Callosobruchus chinensis (L.) and Sitophilus oryzae (L.) [72] . The other important insecticidal effect of limonene is the inhibition of isoprenylation of protein in Plasmodium falciparum, which consequently arrests the development of the malarial parasites in the vector [73] .
Mites are a serious problem in many households. They are a source of allergens which leads to respiratory complications such as asthma [74, 75] . The main control of mites had been the use of synthetic acaricides. However, with the increasing concern of risks on human health and other environmental problems, a call for replacing synthetic products with plant-derived acaricides has gained popularity. Henceforth there has been an increased search for natural acaricides, most of which have shown to be promising alternatives to synthetic compounds [76] [77] [78] . Plant essential oils in particular are known to possess acaricidal activity. This property is partly attributed to their lipophilic nature and high vapor pressure [76] . Screening seven Citrus species alongside 49 other plants from other genera, Kim et al. [76] reported over 90% mortality of Dermanyssus gallinae at a concentration of 0.07 mg/cm 2 . The study on the toxicity effect of the oils on the test mites showed that only C. aurantifolia caused a mortality of over 90% at 0.07 mg/cm 2 , but other species were ineffective at this concentration. While other compounds in the oils may have contributed to the effect, limonene remains one of the major effective acaricidal compounds in the volatile oils of these species. Furthermore the essential oil of caraway (with 38.4% limonene and 58% carvone) and lemon grass (91.1% limonene) had LC 50 values of 158.05 x 10 -6 and 300.66 x 10 -6 against mites following 24 hours exposure to the oils [79] . The activity was time dependent as incubation of the mites with the oils for 48 hours halved the LC 50 values.
4.7.
Limonene as a vehicle in transdermal drug delivery: Penetration enhancers are a common means of improving transdermal drug delivery (TDD). They work by permeating into the skin and reversibly decrease the barrier resistance to drug penetration. The deliverance of drugs across human skin has gained a wide acceptance as a viable administration route for potent and low molecular weight therapeutic agents. Hence the search for safe and potent drug penetration enhancers has garnered worldwide interest. As one of the useful monoterpenes, limonene has been shown to enhance penetration of drugs topically. Investigating the ability to enhance the percutaneous release of an anti-psychotic drug, haloperidol (HP), Lim et al. [80] found limonene to greatly improve permeability KD/L by 26.5 times (P<0.05) with respect to the control. It also reduced the lag time t L from 14.1 to 9.2 hours (p < 0.05). More findings on the effectiveness of limonene in this regard have been observed on several other lipophilic drugs, such as ketoprofen, indomethacin, estradiol and trimetazidine [80, 81] . Because of its low skin irritancy, and the ability to induce reversible change in the skin structure, limonene is therefore one of the best natural penetration enhancers for topically administered drugs.
Limonene as a potential allergen and toxic compound:
Toxicity of limonene has been investigated in various organisms. The most interesting studies however focused on the allergenic and toxicity properties of oxidized limonene in mammals. Investigating the volatile constituents of a fragrant plant Myoga, Wei et al. [82] found (R)-(+)-limonene to be an important skin irritant in guineapigs. This observation was in agreement with the earlier reports by Klecak et al. [83] and Okabe et al. [84] . Furthermore, Matura et al. [85] tested the allergenic effects of an oxidized mixture of limonene enantiomers in 2411 dermatitis patients. About 2.6% of patients reacted to one or both of the oxidized enantiomeric preparations. It was thus concluded that concomitant reactions to the fragrance mixture, colophonium, Myroxylon pereirae and fragrancerelated contact allergy were common in patients reacting to one or both of the oxidized limonene enantiomers. Limonene is one of the most often used fragrant terpenes and is prone to air oxidation. Henceforth the current European regulation on fragrances has added oxidized limonene to the test series for patients suspected to be susceptible to fragrance allergy [86] . The 7 th Amendment to the European Cosmetic Directive on labeling stipulates that the presence of limonene and 25 other compounds needs to be stated in finished cosmetic products, if exceeding a threshold of 0.01% for rinseoff and 0.001% for leave-on products [87, 88] 
Conclusions
Limonene is an important natural compound with a wide range of uses. An impressive amount of work has been conducted on the biotransformation role in the production of other monoterpenes. The promising insecticidal activity of limonene provides a possible alternative natural insecticide for the control of pests in an attempt to prevent the spoilage of stored products [68, 69, 71] . The advantage of limonene over synthetic pesticides in this regard is its biodegradability, which makes it more environmentally friendly for both fumigation and contact applications. The broad range of pharmacological properties of limonene coupled with low toxicity offers the possibility of incorporating this compound into various medical and cosmetic formulations. Other pharmacological properties such as mild antimicrobial, antioxidant and antiinflammatory activities accentuate its use as a flavoring compound in foodstuffs and beverages. Limonene has appreciably good chemopreventive activity which renders a great opportunity for further investigation. It is thus noteworthy stating that more interesting biological activities, biochemical modifications, as well as ecological findings, are likely to emanate from future research on this monoterpene hydrocarbon.
